Abstract. Multi-project management is fundamentally different from the control of a particular project or a set of slightly interconnected projects in terms of complexity and specifics. In multiproject management of the company production it is important to analyze the innovation interaction and its impact on the commercialization stage. A multiparameter factor of innovations interaction was introduced. The optimization problem which considers this factor was mathematically defined. The solution of this problem produces a schedule of innovations launches. This problem definition allows updating the objective function that corresponds to the aims of a manufacturing company. For example, it can help maximize the number of interdependent innovations with restrictions to current tangible and intangible resources or minimize the number of used tangible resources at a fixed number of innovations implemented. In order to verify the optimization problem an evolutionary approach based on genetic algorithm and local search is used. The verification was performed by the Solver a Microsoft Excel add-in. The readiness for practical use of the proposed solution was proved by the experiment.
Introduction
A multi-project management differs fundamentally in problem complexity and specifics from the control of a particular project (mono-project) or a set of slightly interconnected projects both in terms of the rules of resources allocation and possible conflict of local targets.
When constructing a multi-project control system it is important to analyze how the projects interact on each other and how this interaction may have an impact on a product commercialization stage of a manufacturing company production.
A lot of scientific papers of many scientists such as V. Anshin [1] , R. Archibald [2] , K. Clark [3] , R. Cooper [4] , S. Edgett [4] , A. Kozlovskiy [5] , D. Novikov [6] , S. Wheelwright [3] et al. were dedicated to the case study of project selection and portfolio construction.
Project interaction issues have been studied by such scientists as M. Dickinson [7] , S. Grasman [8] , W. Lomax [9] , B. Pelegrín [10] , D. Pertcev [11] , Sh. Srinivasan [8] et al.
It should seem that the above and other researchers have exhausted the problem of determining priority of projects launch in a portfolio. However a specific feature arises in respect to innovations portfolio in the first instance. Innovations interdependence needs extra research related to a specific nature of its interaction. This paper is devoted to development of such control over sequence of innovations launch that would assume the mentioned specifics as well as limitations of a manufacturing company resources.
Necessary definition
Let's introduce two descriptors of potential interaction of innovations in a portfolio: -positive interaction leading to increase in total effect of a portfolio implementation; -negative interaction leading to decrease in total effect of a portfolio implementation.
There is another definition of the negative impact called cannibalization [10, 12] .
The required resources for implementation of multiproject control are divided into two types as follows: tangible and intangible [13] .
1. The tangible resources R mean a set of conditions enabling to succeed in each project's objective. A distinctive feature of the tangible resources of a project is its time dependence t. The basic types of these resources are as follows: -financial feasibility of a project; -technological resources; -human resources; -information resources.
When analyzing a portfolio of innovations U the tangible resources R are set with two parameters: -available stock at the moment t of the resource of type ; -demand at the moment t for the resource of type to implement a project .
2. Intangible resources are the ones that initially belong to a project, do not depend on project time t and are not material. Intangible resources include intellectual property assets: essence, innovation idea. Intangible resources separation is required for recording project interaction, its impact on future volume innovative product sales market and on a company competitiveness and so on.
The introduced interaction factor will be determined as follows.
Innovations portfolio that has been built without consideration of project interaction is defined as . The groups of dependent projects on intangible resources are found out in a portfolio using an expert approach. A set of these groups is determined as , where: The stated parameters describe an essence of products of innovation projects and must be considered in a project identification summary. The interaction factor is determined by experts for a certain innovation portfolio.
The factor is a function of many parameters. An expert analysis shall be carried out according to iteration algorithm in this case, for example, [14, 15] .
In order to assess an efficiency of multi-project management it is necessary to define an objective function of control.
Let be the effect of implementation of independent projects in the portfolio U and be the effect of implementation of dependent projects. The objective function will be as follows:
So the defined objective function allows for providing a content of the effect with different meaning depending on current tasks of a manufacturing company. For example: -maximization of the number of interdependent innovations with restrictions to current tangible and intangible resources.
-minimization of the number of used tangible resources at a fixed number of innovations implemented.
A problem of determining a sequence of launch of the project in the innovation portfolio comes down to defining a problem of scheduling. In general, a problem of scheduling can be laid down as follows. Using some set of resources some fixed multiparameter system of tasks (works, projects) shall be carried out a purpose of which is to optimize the selected objective function.
Mathematical formulation of a problem
Let n projects be available in the innovation portfolio as before, in which project interaction has not been taken into account yet. All the projects are supposed to be carried out without interruptions.
Let be a set of time units admissible for a schedule, within which limitations may be carried out. Then a duration is a desirable and limit time of implementation of all projects in a portfolio, is a time supposed by the algorithm. Completion time of each project can be defined in days, weeks, months depending on a project scale.
Each project is described by such parameters asnumber of a starting event of a project , -number of final event of a project , thereat . A set of is a set of innovation projects determined as dependent according to intangible resources, where , , , ; is an index number of a group of dependent projects, ; is a number of groups of dependent projects,
; m is an index number of a dependent project, ; is a number of dependent projects in a group, .
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A portfolio U may include independent projects according to intangible resources as well:
is a set of independent projects, , . Then a sum of dependent and independent projects will be equal to the number of all projects in a portfolio n.
Let be an effect of implementation of the independent project and be an effect of implementation of the dependent project .
Vector is called an implementation schedule of the projects in a portfolio. The schedule S is called admissible, if: -at any specific time the demand for resources for project implementation will be met for , and limitations assume all types of tangible resources at that; -the project can be started within the period no later than a difference between a number of available periods and project duration plus one period, as the counting begins with one: . The effect of independent project implementation is equal to:
The effect of implementation of interconnected projects depends on the project interaction factor: , where: . As shown above, the objective function (1) is equal to:
An optimum launch time shall be estimated, that means such for each project shall be found that will provide for maximum value of the target function and meet all limitations.
Optimization problem solving
The defined optimization problem is demonstrated as a diagram ( fig. 1) .
The defined discrete optimization problem in the context of set resource limitations is NP-hard [16] [17] [18] . Due to complexity of the problem it makes sense to use algorithms such as approximation methods [19] [20] [21] that base on priority rules, Lagrange relaxations, evolution ideas, local search etc.
Approximation methods are frequently used in a scheduling problem solving [22] [23] [24] [25] [26] [27] . Nowadays there are a number of tools allowing for solving the defined optimized problem in the software market.
For the purposes of the study the widely available Microsoft Excel add-in the Solver was selected for verification of the optimized problem ( fig. 2) . The evolutionary approach based on genetic algorithm and local search incorporated into the Solver [28] was used. A genetic algorithm is an heuristic algorithm of searching reminding biological evolution. The specific feature of the local search method is that the selection of new decision at each iteration of the process is made not deterministically, but as a result of implementation of some random process [18, 21] . The defined optimization problem was verified both on test and real innovation portfolio. Finally the opportunity for improvement of multi-project management efficiency due to taking innovations interaction into account was confirmed.
Conclusion
Unlike existing approaches to multi-project control the proposed solution allows for increasing efficiency by virtue of consideration of innovation interaction on intangible resources. A multiparameter factor of innovations interaction was introduced. The optimization problem which considers this factor was defined in terms of mathematics. The solution of this problem produces a schedule of innovations launches. This problem definition allows to update the objective function that corresponds to the aims of a manufacturing company. For example, it can help to maximize the number of interdependent innovations with restrictions to current tangible and intangible resources or minimize the number of used tangible resources at a fixed number of innovations implemented.
In order to verify the optimization problem an evolutionary approach based on genetic algorithm and local search is used. Verification was performed by the Solver a Microsoft Excel add-in. Readiness for practical use of the proposed solution was proved by the experiment.
